In this paper, we expand the Hamy mean (HM) operator and Dombi operations with interval-valued intuitionistic fuzzy numbers (IVIFNs) to propose the interval-valued intuitionistic fuzzy Dombi Hamy mean (IVIFDHM) operator, interval-valued intuitionistic fuzzy weighted Dombi Hamy mean (IVIFWDHM) operator, interval-valued intuitionistic fuzzy dual Dombi Hamy mean (IVIFDDHM) operator, and interval-valued intuitionistic fuzzy weighted dual Dombi Hamy mean (IVIFWDDHM) operator. Then the MADM models are designed with IVIFWDHM and IVIFWDDHM operators. Finally, we gave an example for evaluating the elderly tourism service quality in tourism destination to show the proposed models.
Introduction
The concept of intuitionistic fuzzy sets (IFSs) [1, 2] has been utilized to deal with uncertainty and imprecision. Atanassov and Gargov [3] defined the interval-valued intuitionistic fuzzy sets (IVIFSs). Xu [4] introduced a method for the comparison between two intuitionistic fuzzy numbers (IFNs) and then develop some arithmetic aggregation operators. Xu and Yager [5] proposed some new geometric aggregation operators with IFNs. Xu and Chen [6] developed some interval-valued intuitionistic fuzzy geometric operators with interval-valued intuitionistic fuzzy numbers (IVIFNs). Wei [7] proposed two new aggregation operators: the induced intuitionistic fuzzy ordered weighted geometric (I-IFOWG) operator and the induced interval-valued intuitionistic fuzzy ordered weighted geometric (I-IIFOWG) operator. Wei [8] developed the gray relational analysis (GRA) for interval-valued intuitionistic fuzzy MADM with incompletely known attribute weight information. Xu and Chen [9] defined the Bonferroni mean for aggregating the IVIFNs based on the Bonferroni mean [10] [11] [12] [13] [14] [15] [16] [17] . Chen [18] proposed the LINMAP (Linear Programming Technique for Multidimensional Analysis of Preference) model for MADM with IVIFNs. Hashemi, et al. [19] defined the multiple attribute group decision-making (MAGDM) model on the basis of the compromise ratio method with IVIFNs. Liu, et al. [20] gave the principal component analysis (IVIF-PCA) model for IVIFNs. Chen [21] proposed the interval-valued intuitionistic fuzzy preference ranking organization method for enrichment evaluations (IVIF-PROMETHEE) to deal with MADM. Dugenci [22] introduced a novel generalized distance measure for IVIFNs and illustrated the applicability of the proposed distance measure to MAGDM. Garg [23] defined a new generalized improved score function for IVIFNs. Until now, more and more decision making theories of IFSs and IVIFSs are extended to picture fuzzy set [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] and Pythagorean fuzzy sets [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] .
Although IFSs and IVIFSs have been effectively used in some areas, all the existed approaches are unsuitable to depict the interrelationships among any number of IVIFNs assigned by a variable vector. The Hamy mean (HM) operator [38, [45] [46] [47] [48] and dual Hamy mean (DHM) operator [49] are famous operators which can show interrelationships among any number of arguments assigned by a variable vector. Therefore, the HM and DHM operators can assign a robust and flexible mechanism to solve the information fusion in MADM problems. Thus, we propose some HM operator to overcome this limits. Thus, how to aggregate these IVIFNs-based the traditional HM operators based on the Dombi operations [50] [51] [52] [53] is an interesting issue. So, the purpose of this paper is to propose some HM and DHM operators to solve the MADM for evaluating the elderly tourism service quality in tourism destination with IVIFNs. In order to do so, the rest of this paper is organized as follows. In Section 2, we introduce the IVIFNs. In Section 3, we develop some HM operators with IVIFNs based on the Dombi operations. In Section 4, we present an example for evaluating the elderly tourism service quality in tourism destination with IVIFNs. Section 5 ends this paper with some comments.
Preliminaries

IFSs and IVIFSs
The concept of IFSs and IVIFSs are introduced.
Definition 1 [1,2]. An IFS Q in X is designed by
where θ Q : X → [0, 1] and ϑ Q : X → [0, 1] , and 0 ≤ θ Q (x) + ϑ Q (x) ≤ 1, ∀ x ∈ X. The number θ Q (x) and ϑ Q (x) represents, respectively, the membership degree and non-membership degree of the element x to the set Q.
Definition 2 [3] . Let X be an universe of discourse, An IVIFS Q over X is an object having the form as follows:
where θ Q (x) ⊆ [0, 1] and ϑ Q (x) ⊆ [0, 1] are interval numbers, and 0 ≤ sup θ Q (x) + sup ϑ Q (x) ≤ 1,
) is an IVIFNs.
) be an IVIFN, a score function S can be defined as follows:
Definition 4 [54] . Let ϕ = ([e, f ], [g, h]) be an IVIFN, an accuracy function H can be defined as follows:
To evaluate the degree of accuracy of the IVIFN ϕ = ([e, f ], [g, h] ). be the accuracy degrees of ϕ 1 and ϕ 2 , respectively, then if S( ϕ 1 ) < S( ϕ 2 ), then 
HM Operator
Hara, Uchiyama and Takahasi [48] proposed the HM operator.
Definition 7 [48] . The HM operator is defined as follows:
where x is a parameter, x = 1, 2, . . . , n, i 1 , i 2 , . . . , i x are x integer values taken from the set {1, 2, . . . , n} of k integer values, C x n is the binomial coefficient,
Dombi Operations of IVIFNs
Definition 8 [50] . Dombi [50] proposed a generator to produce Dombi T-norm and T-conorm which are shown as follows:
where
Based on the Dombi T-norm and T-conorm, we can give the operational rules of IVIFNs.
Definition 9. For two IVIFNs ϕ
, λ > 0, the Dombi operational laws are defined as follows:
Some Dombi Hamy Mean Operators with IVIFNs
The IVIFDHM Operator
Based on the HM operator and Dombi operation rules, the IVIFDHM operator is defined as follows:
. . , n) be a set of IVIFNs. The fused value by the IVIFDHM operators is also an IVIFN where
Proof.
Thus,
Thereafter,
Therefore,
Thus Equation (9) is right. Then according to Equation (9), we have 
Then we list some properties of IVIFDHM operator.
. . , n) and θ j = r j , s j , m j , n j (j = 1, 2, . . . , n) be two sets of IVIFNs. If e j ≤ r j , f j ≤ s j and g j ≥ m j , h j ≥ n j hold for all j, then
The IVIFWDHM Operator
In real MADM, it is important to pay attention to attribute weights. Thus we propose the interval-valued intuitionistic fuzzy weighted Dombi Hamy mean (IVIFWDHM) operator. Definition 11. Let ϕ j = e j , f j , g j , h j (j = 1, 2, . . . , n) be a set of IVIFNs with their weight vector w i = (w 1 , w 2 , . . . , w n ) T , thereby satisfying w i ∈ [0, 1] and ∑ n i=1 w i = 1. Then the IVIFWDHM operator is as follows:
Theorem 2. Let ϕ j = e j , f j , g j , h j (j = 1, 2, . . . , n) be a set of IVIFNs. The fused value by IVIFWDHM operators is also an IVIFN where
Hence, Equation (18) Then according to Equation (18), we have 
Then we list some properties of the IVIFWDHM operator.
Property 4.
(Monotonicity) Let ϕ j = e j , f j , g j , h j (j = 1, 2, . . . , n) and θ j = r j , s j , m j , n j (j = 1, 2, . . . , n) be two sets of IVIFNs. If e j ≤ r j , f j ≤ s j and g j ≥ m j , h j ≥ n j hold for all j, then
The proof is similar to IVIFDHM, thus, it is omitted here.
The IVIFDDHM Operator
Wu, Wang, Wei, and Wei [49] proposed the dual HM (DHM) operator.
Definition 12 [49] . The DHM operator is as follows:
where x is a parameter and x = 1, 2, . . . , n, i 1 , i 2 , . . . , i x are x integer values taken from the set {1, 2, . . . , n} of k integer values, C x n denotes the binomial coefficient and C x n = n! x!(n−x)! .
In this section, we will propose the interval-valued intuitionistic fuzzy Dombi DHM (IVIFDDHM) operator.
Definition 13.
Let ϕ j = e j , f j , g j , h j (j = 1, 2, . . . , n) be a set of IVIFNs. The IVIFDDHM operator is as follows:
Theorem 3. Let ϕ j = e j , f j , g j , h j (j = 1, 2, . . . , n) be a set of IVIFNs. The fused value by IVIFDDHM operators is also an IVIFN where
Thus, Equation (28) Then according to Equation (28), we have 
The IVIFDDHM operator has the following properties.
Property 6. (Idempotency) If
Property 7. (Monotonicity) Let ϕ j = e j , f j , g j , h j (j = 1, 2, . . . , n) and θ j = r j , s j , m j , n j (j = 1, 2, . . . , n) be two sets of IVIFNs. If e j ≤ r j , f j ≤ s j and g j ≥ m j , h j ≥ n j hold for all j, then
The IVIFWDDHM Operator
In practical MADM, it is important to pay attention to attribute weights; we propose the interval-valued intuitionistic weighted Dombi DHM (IVIFWDDHM) operator.
Definition 14.
Let ϕ j = e j , f j , g j , h j (j = 1, 2, . . . , n) be a set of IVIFNs with their weight vector be w i = (w 1 , w 2 , . . . , w n ) T , thereby satisfying w i ∈ [0, 1] and ∑ n i=1 w i = 1.
Theorem 4. Let ϕ j = e j , f j , g j , h j (j = 1, 2, . . . , n) be a set of IVIFNs. The fused value by IVIFWDDHM operators is also an IVIFN where
Then,
Thus, Equation (37) Then according to Equation (37), we have 
Then we give some properties of the IVIFWDDHM operator.
Property 9.
The proof is similar to IVIFWDHM, thus, it is omitted here.
Property 10.
(Boundedness) Let ϕ j = e j , f j , g j , h j (j = 1, 2, . . . , n) be a set of IVIFNs.
max i e j , max i f j , min i g j , min i h j and ϕ i − = min i e j , min i f j , max i g j , max i h j then
Example and Comparison
Numerical Example
With the development of the economy and society and the deepening of aging, "Senior tourism" continues to heat up. Elderly tourism has become a tourist market which cannot be ignored at present and in the future, and contains a tremendous potential for development. The tourism destinations are also actively involved in the development of this market. However, there are still many issues in the tourism service for the elderly tourists in the tourism destination. Although some researches on elderly tourism in China has been on the rise in recent years, many researches are conducted from the points of the consumption behavior of the elderly, the development of the elderly tourism market and the development of elderly tourism products, but the research on elderly tourism services, especially the quality of elderly tourism services, is relatively scarce. Additionally, the problems of evaluating the elderly tourism service quality in tourism destination are classical MADM problems [55] [56] [57] [58] [59] [60] [61] [62] . Thus, we give an example to solve the MADM problems for evaluating the elderly tourism service quality in tourism destination with IVIFNs. There are five possible tourism scenic spots A i (i = 1, 2, 3, 4, 5) to assess. The experts use the four attributes to assess the five tourism scenic spots: 1 G 1 is the resource safety value; 2 G 2 is the infrastructure construction value; 3 G 3 is the income distribution value; Then, we use the approach developed for selecting the best tourism scenic spots.
Step 1. According to IVIFNs r ij (i = 1, 2, 3, 4, 5, j = 1, 2, 3, 4), we fuse all IVIFNs r ij by the IVIFWDHM (IVIFWDDHM) operator to have the IVIFNs A i (i = 1, 2, 3, 4, 5) of the tourism scenic spots A i . Let x = 2, then the fused results are in Table 2 . Step 2. Using Table 2 , the score values of the tourism scenic spots are in Table 3 . Step 3. Using Table 3 , the order of tourism scenic spots is listed in Table 4 . Additionally, the best tourism scenic spot is A 3 . 
Influence Analysis
In order to depict the effects on the ordering by altering parameters of x in the IVIFWDHM (IVIFWDDHM) operators, the analysis results are listed in Tables 5 and 6 . 
Comparative Analysis
We compare the IVIFWDHM and IVIFWDDHM operators with the IVIFWA operator [54] , IVIFWG operator [5] , gray relational analysis method [8] , and the correlation coefficient [63] . The results are listed in Table 7 . From above, we can get the same best tourism scenic spots and the four methods' ranking results are slightly different. However, the existing methods with IVIFNs do not consider the relationship information among the arguments. Our proposed IVIFWDHM and IVIFWDDHM operators consider the relationship among the aggregated arguments.
Additionally, Xu and Chen [9] defined the interval-valued intuitionistic fuzzy Bonferroni mean for aggregating the IVIFNs. However, these Bonferroni mean for aggregating the IVIFNs only consider the relationship information between two arguments and do not consider the relationship information among more than two arguments.
Conclusions
In this paper, we investigate the MADM problems with IVIFNs. Then, we utilize the HM operator and Dombi operations to design some HM operators with IVIFNs: IVIFDHM operator, IVIFWDHM operator, IVIFDDHM operator and IVIFWDDHM operator. The main characteristic of these operators are investigated. Then, we have used the IVIFWDHM and IVIFWDDHM operators to propose two models for MADM problems with IVIFNs. Finally, a real example for evaluating the elderly tourism service quality in the tourism destination is used to show the developed approach. In the subsequent studies, the extension and application of IVIFNs needs to be studied in many other uncertain environments and other applications.
